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Description 

Statement Regarding Federally Sponsored 
Research 

[0001] The iJnited States government may have cer- 
tain rights in this Invention as the Invention was devel- 
oped in part with the United States government support 
by grant number 5R01GH515 74-03. 

The Field of the invention 

[0002] The Invention relates to separation apparatus 
and more specifically to separation columns and meth- 
ods for manufacturing separation columns for use in 
separation processes. 

Baclcground 

[0003] Separation based analytical methods, includ- 
ing chromatography, electrophoresis and electrochro- 
matography are useful In detenmlning Individual sam- 
ples In complex mixtures. In chromatography, a sample 
to be analyzed is Introduced into a separation column, 
which contains a mobile phase and a stationary phase. 
Components of the sample separate as the sample 
passes through the column due to differences in inter- 
action of the different components with the stationary 
phase. 

[0004] Electrophoresis is a separation technique that 
Is based on the mobility of ions in an electric field. In 
capillary electrophoresis, a sample is placed in a capil- 
lary tube, which contains an electrophoretic medium. 
Upon application of an electric field across the capillary, 
components of the sample migrate at different rates to- 
wards the oppositely charged ends of the tube based 
on their relative electrophoretic mobilities In the medi- 
um. Electrochromatography is a combination of chro- 
matography and electrophoresis, In which the mobile 
phase is transported through the separation system by 
electroosmotic flow (EOF). 

[0005] Separation of samples In complex mixtures 
based on analytical systems that are capable of execut- 
ing large numbers of separations would be useful. In 
particular, separation technologies that process multiple 
samples quickly and multl-dlmenslonal separations for 
each sample are desired. However, existing separation 
technologies do not generally have these features. Liq- 
uid chromatography systems do not readily adapt to par- 
allel processing because adding multiple precision 
pumps and valves, necessary to deliver multiple sam- 
ples, is both Impractical and expensive. Multi-dimen- 
sional chromatography separations are feasible by 
transferring components from a first separation column 
to a second separation column with rotary valves. How- 
ever, such processes can be very slow. Parallel 
processing for capillary electrophoresis has been 
achieved using microfabrication. which allows multiple 



channels to be placed on a single chip. However, a lim- 
itation Is that no methods are available to introduce a 
large number of samples into the channels and to rapidly 
clean the sample metering channels between separa- 
5 tlons. 

[0006] US-A-5 1 1 6 495 describes a capillary chroma- 
tographic device in which the capillary column Is fomned 
between a cover layer and a substrate. The liquid dis- 
tribution or splitting system of this prior art essentially 
10 only comprises an inlet opening and an outlet opening 
both communicating with a larger space, thereby allow- 
ing liquid to spread into the capillary column or capillary 
columns. 

[0007] WO 96/4201 2 describes a nanofabrlcated sep- 

'5 aratlon matrix for analysis of biopolymers and methods 
of making and using the same. The separation matrix 
has a solid support on which are disposed a plurality of 
lanes respectively containing a plurality of posts which 
form an obstacle course for the separation of the biopol- 

20 ymers. The spacing between the posts is defined so as 
to permit passage of the biopolymer to be separated, 
yet small enough to provide an obstacle to passage 
which will result In separation. 
[0008] US-A-5 427 663 describes a microllthographic 

25 array for macromolecule and cell fractionation which in 
a similar manner has an array of obstacles formed on a 
substrate and positioned within a receptacle. 
[0009] It Is the object of the present Invention to pro- 
vide a separation column which can be manufactured in 

30 a simple manner and which is improved with respect to 
the flow of the samples through the separation column. 
The present invention also aims at providing a method 
for manufacturingsuch separation column, a separation 
apparatus using such separation column and method 

35 for separating components of a sample by using such 
separation column. 

Summary of the Invention 

40 [0010] In one aspect, the invention relates to a sepa- 
ration column as defined In claim 1 to be used In a sep- 
aration process. The separation column Includes multi- 
ple collocated monolith support structures and intercon- 
nected channels defined by the support structures. The 

45 collocated monolith support structures are arrayed In 
two dimensions to define channels that periodically split 
and merge. In one embodiment, the support structures 
are In communication with each other at the first end of 
each support structures and a cover plate is in commu- 

50 nication with the support structures at the second end 
of each structure. 

[0011] In another aspect, the Invention relates to a 
method as defined in claim 22 for manufacturing a sep- 
aration column, which is to be used In a separation proc- 
55 ess. According to the method, a substrate is patterned 
to designate the areas of the substrate to be etched. The 
patterned substrate Is etched to create multiple collocat- 
ed monolith support structures an^ayed in two dlmen- 
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sions and interconnected channels defined by the sup- 
port structures. In one embodiment, a cover plate is at- 
tached on a surface of the created support structures to 
enclose the separation column. In another embodiment, 
the substrate is etched to create the support structures 5 
and the channels that are substantially uniform in shape 
and size. In yet another embodiment, the substrate is 
etched to create interconnected channels, in which each 
channel has an aspect ratio of from about 5 to about 
100. The aspect ratio as used herein is the ratio of the 
depth to the width of a channel between adjacent mon- 
olith structures, where the depth is a dimension perpen- 
dicular to the surface of the substrate and the width is a 
dimension parallel to the surface of the substrate and 
perpendicular to the flow direction in the channel. ^5 
[0012] The separation column includes an inlet, a 
separation region and an outlet. The separation region 
is In communication with the inlet and comprises a plu- 
rality of collocated monolith support structures that are 
arranged in two dimensions. The support structures de- 20 
fine a plurality of Interconnected channels that sequen- 
tially split and merge. The outlet is in communication 
with the separation region. 

[0013] In yet another aspect, the invention relates to 
a separation apparatus as defined in claim 26. The sep- 2* 
aration apparatus includes a separation column, a plu- 
rality of reservoirs for mobile phases or buffers and a 
sample reservoir. The separation column has multiple 
collocated support structures arayed in two dimensions 
and interconnected channels defined by the support 30 
structures. The reservoirs are in communication with the 
separation column. The sample reservoir is in commu- 
nication with the separation column. In one embodi- 
ment, the separation apparatus also includes a, pump 
forpumpingamobiiephasefroma reservoirthroughthe 35 
separation column. In another embodiment, the sepa- 
ration apparatus also includes an electrophoresis appa- 
ratus.. 

[0014] In still another aspect, the invention relates to 
a method as defined In claim 31 for separating compo- 40 
nents of a sample. According to the method, a medium 
solution is introduced into a separation column, which 
includes multiple collocated monolith support staictures 
and interconnected channels defined by the support 
structures. A sample to be analyzed is also introduced 45 
Into the separation column. The solution and the sample 
pass through the separation column in multiple streams 
and the multiple streams periodically intercouple. Com- 
ponents of the sample are separated as the sample 
passes through the column. The components may be 50 
separated by electrophoretic mobility, electroosmotic 
flow (EOF), EOF and partitioning with a stationary 
phase, micellar electrokinetic chromatography, or a 
combination of these, 

55 

Brief Description of the Drawings 

[0015] These and other advantages of the invention 



may be more clearly understood with reference to the 
specification and the drawings, in which: 

Figure 1 A shows a perspective view of an embodi- 
ment of a separation column with collocated mon- 
olith support structures constructed in accordance 
with the invention. 

Figure 1 B shows a detailed planar view of a portion 
of the embodiment of the separation column of Fig- 
ure 1A. 

Figure 1 C shows a cross-sectional view of the sec- 
tion of the embodiment of the separation column of 
Figure 1 A cut through the line 1C'-1C". 

Figure 1 D shows across-sectional view of a section 
of an embodiment of the separation column of Fig- 
ure 1A. 

Figures 2A. 2B, 2C, 2D, 2E and 2F depict a plan 
view of several embodiments of the monolith sup- 
port structures useful in the embodiment of the in- 
vention shown in Figure 1A. 

Figures 3A, 3B, 3C and 3D depict a plan view of 
several additional embodiments of the monolith 
support structures useful in the embodiment of the 
Invention shown in Figure 1A. 

Figures 4A and 48 are highly schematic diagrams 
of the diagonal field line effect In various embodi- 
ments of the present invention. 

Figures 5A, SB and 5C show a plan view of embod- 
iments of the support structures for eliminating wall- 
effects near the walls of a separation column. 

Figure 6 shows a rendition of a plan view of an em- 
bodiment of a collocated monolith distributor of a 
second separation column interfaced with a collo- 
cated monolith collector of a first separation col- 
umn. 

Figure 7 shows an electropherogram of a separa- 
tion pertomned by an embodiment of a separation 
apparatus. 

Figure 8 shows an electropherogram of a separa- 
tion performed by an embodiment of a separation 
apparatus. 

Description of the Preferred Embodiment 

[0016] Refen-ing to Figures 1A, IB 1C and ID a sep- 
aration column 1 0, constructed in accordance with the 
invention, includes a number of collocated monolith sup- 
port structures 1 4 defining a series of interconnected mi- 
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crochannels 12. The term "collocated" refers to a side 
by side placement. The term "monolith" refers to a single 
structure, including a structure that fonms a single piece 
by attachment. .The collocated monolith support struc- 
tures 14 arrayed in two dimensions and define channels 
12 that periodically merge and split. The collocated 
monolith support structures 14 are fabricated on a sub- 
strate 11, and hence are attached to one another at a 
first end 7 by the substrate 1 1 . However, the remainder 
of each monolith structure 14 is physically separated 
from each other forming interconnected channels 12. In 
the embodiment of Figure 1C, a cover plate 13 Is dis- 
posed over and bonded to the second end 9 of the col- 
located monolith support structures 14 enclosing the 
separation column 10. In the embodiment of Figure ID, 
a second group of monolith support structures 2 being 
a mirror image of a first group of monolith support struc- 
tures 1 4 is disposed over the first group of monolith sup- 
port structures 1 4 such that the second end 9 of a mon- 
olith structure 1 4 of the first group joins the second end 
4 of a monolith structure 2 of the second group, thereby 
fomiing channels 6 that are twice as deep. The dimen- 
sions of the collocated monolith structures 14 are typi- 
cally about less than 100 ^m in height and 1000 ^m2 in 
cross-sectional area 18 for chromatography applica- 
tions. The height of the monolith structures 1 4, however, 
may be much longer, for example 500 p.m, in electro- 
phoresis applications. In this context, height refers to the 
distance from a first end 7 to. a second end 9 of a mon- 
olith structure 14, perpendicular to the surface of the 
substrate 11. Since, the present height of a monolith 
structure 14 is limited by existing etching technologies, 
the height is expected to increase with advance in such 
technologies. Cross-sectional area 1 8 refers to the area 
of a monolith structure 1 4 measured parallel to the plane 
of the substrate 11 . The distance between any two ad- 
jacent monolith structures 22 Is approximately equal 
and typically does not exceed about 1 0 nm at any point 
in chromatography applications. In electrophoresis ap- 
plications, the distance may be much wider, for example 
100 nm. 

[0017] In the embodiment of Figures 1A, 1B, 1C and 
1 D the monolith structures 14 are substantially identical 
in size and shape in the separation column 10 and the 
channel walls 24 are as nearly vertical as possible, such 
that width of the channel 22 along an entire channel is 
approximately constant. With capillary electrophoresis, 
channels 12 do not necessarily have to be vertical. How- 
ever, with pressure driven, open channel liquid chroma- 
tography, widths 22 along an entire channel should be 
constant, because a flow rate in parallel channels (i.e., 
at the same position along the column length) in a pres- 
sure driven system is proportional to chanriel width 22. 
Therefore, flow rates that are not constant because of 
the variations in channel width 22, contribute to band 
spreading beyond that of a nomial parabolic flow profile 
of a liquid passing over a surface. 
[0018] Collocated monolith structures 14 defining 



nearty vertical Interconnected channels 12 are created 
by a variety of techniques. Suitable etching techniques, 
for example, include anisotropic etching techniques 
such as reactive ion etching, electron beam etching and 

5 LIGA (Lithographie Galvanoformung Abfonnung). 
These etching techniques are well known in the art. 
LIGA Is a process that allows fabrication of three dimen- 
sional structures having high aspect ratios. The process 
involves four steps: in^adiation, development, electrofor- 

10 ming and resist stripping. Irradiation step involves irra- 
diating a resist using laser, electron-beam or X-ray from 
a synchrotron radiation source. In the development 
step, a pattern is transferred into the resist and the resist 
is etched to reveal three dimensional structures com- 

15 prising the resist material. In the electrofonning step, a 
metallic mold is produced around the resist structures 
by electroplating. In the final step, the resist is stripped 
to reveal channels. Anisotropic wet etching may also be 
used to create the channels 1 2. Anisotropic wet etching, 

20 however, requires specific types of substrates. For ex- 
ample, the substrate must be crystalline and etching oc- 
curs along a specific axis. 

[0019] In fabricating the separation column 1 0, first, a 
substrate 11 is provided to create microfabricated collo- 

25 cated monolith structures 14. Examples of materials 
suitable for substrates 11 include, but are not limited to, 
silicon, quartz, glass, and plastic. The substrate 11 is 
patterned to designate areas to be etched. The pat- 
terned substrate is etched to create collocated monolith 

30 support structures 14 and Interconnected channels 12 
defined by the support structures 14. In a prefen^ed em- 
bodiment, the substrate 11 is etched by a process that 
provides channels 12 with un if onn width. 
[0020] Subsequent to etching the substrate 11. sur- 

35 faces of the monolith structures 1 5 may be treated to 
provide interactions between the surfaces 15 and a 
sample passing through the separation column 11, 
thereby inducing separation of components of the sam- 
ple. For example, surfaces of the monolith structures 15 

40 may be coated with specific binding analytes by coating 
technologies known to or to be discovered by those 
skilled in the art. U.S. Patent No. 5.030,352. which de- 
scribes a method of coating a surface of a separation 
column, is incorporated herein by reference. A coating 

45 technology for coating surfaces of the monolith stnjc- 
tures 15 Is not an aspect of the present invention. The 
coating may be thin orthlck. Materials placed on the sur- 
faces of the monolith structures 15, for example. Include 
antibodies, cationic or anionic coatings, chelators, or- 

50 ganic coatings including complex sugars and heparin, 
gels, fimbriae, and reverse phase coating such as CI 8. 
The specific binding analyte may be Immobilized or en- 
trapped in the channels 12. 

[0021] In one embodiment, a cover plate 1 3 is added 
55 to create an enclosed separation column 1 0. The cover 
plate 13 may be attached by placing the cover plate 13 
in contact with the etched surface of the substrate 11 
and causing the cover plate 13 to bond to the etched 
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substrate 1 1 . In the cases of a silica, glass orquartz cov- 
er plate 13, fusing creates cohesive bonding of very 
smooth surfaces. A cover plate 13 can be fused to the 
etched substrate 1 1 by allowing the two pieces to come 
In contact, placing them in an oven, and gradually rais- 
ing the oven temperature. In some cases, bonding may 
take place at around 90^*0. In other cases, the oven tem- 
perature may have to be raised up to 1000**C. Alterna- 
tively, for a silica or glass substrate, bonding may take 
place at room temperature by spinning on a layer of so- 
dium silicate solution containing 5-7% solids and placing 
the substrate 11 and the cover plate 13 in contact, in 
another embodiment, a second etched substrate 11 
having a mirror image of the first etched substrate 11 Is 
disposed over and bonded to the first etched substrate 
fomning a separation column with channel depth that is 
twice as long. In either case, a bonding process need 
not produce a continuous bond between the support 
structures 1 4 or the support structures 1 4 and the cover 
plate 13: However, the resulting bond must seal the 
channels 12 such that a solution inside the channels 
cannot communicate with the outside world along the 
Interface of the two plates. Any other suitable bonding 
technique may be used without departing from the spirit 
of the present invention. 

[0022] In application, a separation apparatus includes 
a plurality of reservoirs and at least one sample reservoir 
in communication with the separation column 1 1 . In one 
embodiment, the separation apparatus includes a pump 
for pumping a mobile phase from a reservoirthrough the 
separation column 11 . In another embodiment, the sep- 
aration apparatus includes an electrophoresis appara- 
tus in electrical communication with the separation col- 
umn 11 . The electrophoresis apparatus applies a poten- 
tial across the separation column 11 for separating com- 
ponents of a sample passing through the separation col- 
umn 11 . In still another embodiment, the separation ap- 
paratus includes a detector In communication with the 
separation column 11 for detecting components sepa- 
rated by the separation column 11 . The detector, for ex- 
ample, may be a mass spectrometer or an infrared de- 
tector. The operations of a mass spectrometer and an 
infrared detector are well known in the art. U.S. Patents 
5,498,545 and 5,045,694, which describe mass spec- 
trometers are incorporated herein by reference. 
[0023] In the embodiment of Figures 1A and IB, the 
collocated monolith support structures 1 4 have tetrago- 
nal cross-sectional areas 18. Tetragonal or hexagonal 
cross-sectional geometries are preferred over other ge- 
ometries (e.g., triangular), because tetragonal or hex- 
agonal geometries can create substantially rectangular 
interconnected channels 12 having high aspect ratios, 
as well as providing channels that are substantially par- 
allel to the longitudinal axis of the separation column 16 
when properly oriented. An aspect ratio is the ratio of 
the lengths of the depth to the width of a channel 12 
between adjacent support structures 14, where the 
depth is the dimension perpendicular to the surface of 



the substrate 11 and the width is the dimension perpen- 
dicular to the flow direction In the channel 12. Rectan- 
gular channels, as defined by a plane perpendicular to 
the substrate, having high aspect ratios, are preferred 
5 over traditional cylindrical channels for the following rea- 
sons. If a rectangular channel having a high aspect ratio 
(i.e., » 5) and a traditional cylindrical channel with the 
same cross-sectional areas are used for liquid chroma- 
tography, the distance that a sample must travel to con- 
to tact the maximum surface area of a stationary phase is 
shorter for the rectangular channel than it is for the tra- 
ditional cylindrical channel. Likewise, if a rectangular 
channel and a cylindrical channel with same cross-sec- 
tional areas are used in electroklnetically driven sepa- 
15 ration systems, the distance that a heated solvent must 
travel to reach the maximum area of heat dispersing sur- 
face is shorter with a rectangular channel having a high 
aspect ratio than it is with a cylindrical channel. Chan- 
nels that are substantially perpendicular to the longitu- 
de dinal axis 1 6 of the separation column are not preferred, 
since they will be filled with stagnant pools of mobile 
phase and cause peak dispersion by the limitations of 
stagnant mobile phase mass transfer. This phenome- 
non is widely described In chromatographic systems 
25 packed with porous particles, which are filled with stag- 
nant mobile phases. Tetragonal and hexagonal cross- 
sectional geometries are preferred, since they can pro- 
vide channels that are substantially parallel, or at least 
not substantially perpendicular, to the longitudinal axis 
30 of the separation column 1 6, when properly oriented. 
[0024] Other non-limiting, cross-sectional geometries 
for collocated monolith support structures 14 that create 
rectangular channels are shown in Figures 2A to 2F. Al- 
though columnar monolith structures having circular 
35 cross-sections may be created, they are less desirable 
than tetragonal or hexagonal geometries, because the 
Intercolumnar channels created by the columnar struc- 
tures will not be as unifomn as those created by tetrago- 
nal or hexagonal geometries. The structures shown in 
40 the Figures 2A to 2F have the advantage in that they 
may be closely packed and still have unifomn and con- 
trollable channel dimensions between monolith stnjc- 
tures. 

[0025] According to the invention, the interconnected 
45 channels 1 2 have an aspect ratio of greater than 5 and 
more preferably greater than 1 0. Greater aspect ratios 
are possible by etching the substrate 11 deeper. The 
channel width is generally in the range of 1-10 ^m for 
chromatography applications. Although a separation 
50 column 1 0 having channel widths of less than 1 p.m may 
be desirable to reduce band broadening in chromatog- 
raphy, other operational problems such as plugging and 
high pressure requirements exist with such narrow col- 
umns. 

55 [0026] tn a prefen-ed embodiment, the separation col- 
umn 1 0 has a first group and a second group of channels 
12. where the channels in each group are parallel to 
each other and the channels in the first group intersect 
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with the channels in the second group. Where the chan- 
nels 12 intersect, the point of intersection preferably is 
deeper than it is wide. 

[0027] Determination of the depth and the aspect ratio 
of a channel 12 involves a compromise. A longer chan- 
nel depth is useful in pressure driven separation sys- 
tems, because mobile phase volume is increased allow- 
ing more sample to be carried in a channel. However, 
in electricalty driven separation systems, heat transfer 
becomes limited with a longer channel depth. When op- 
erating at high voltage, joule heating causes transaxial 
themial gradients to develop along the depth of chan- 
nels having high aspect ratios. In a dense channel sys- 
tem where the aspect ratio of each channel goes beyond 
10-20 and the channel depth Is greater than 20 urn, heat 
transfer to the surface of the chip can become limiting, 
unless channel density is decreased. 
[0028] Determination of the channel width also in- 
volves a compromise. Channels 1 2 having widths small- 
er than 1 -2 \im Increase transfer rate of sample compo- 
nents to the channel surfaces where the components 
can interact with the surface. However, in a pressure 
driven system, the operating pressure for a separation 
column 10 with such narrow channels 12 is large, mak- 
ing It difficult to get liquid into the channel networl<, and 
more susceptible to plugging. 
[0029] In one embodiment, the substrate 1 1 is etched 
to create Interconnected channels having an aspect ra- 
tio of from about 5 to about 100. Even higher aspect ra- 
tios may be desirable, but is beyond the limits of cun^ent 
microfabricatlon technology. In a preferred embodi- 
ment, the aspect ratio of a channel 1 2 in a voltage driven 
separation system is from about 10 to about 20, where- 
as the aspect ratio of a channel 12 in a pressure driven 
separation system is greater than 20. Current typical mi- 
crofabricatlon technology allows resolution in the pro- 
duction of masks and etching to about 0.1 \im. There- 
fore, the lower limitation on a channel width is approxi- 
mately 0.5 ± 0. 1 Jim and the upper limitation on the depth 
of such channel is approximately 10 ^m in chromato- 
graphic systems. Separation columns having channels 
of such dimensions, fabricated with existing technolo- 
gies, however, can exhibit channel heterogeneity, which 
leads to peak dispersion. Channel heterogeneity, how- 
ever, is caused by fabrication limitations and not design, 
and therefore is expected to Improve as fabrication tech- 
nologies advance. 

[0030] According to the present invention, geometry 
and size of the collocated monolith structures 14 and 
the interconnected channels 12 may be selected to op- 
timize specific functions. For example, in one embodi- 
ment, separation columns are designed to optimize in- 
terchannel coupling. Interchannel coupling refers to 
mixing of streams from multiple channels to average 
heterogeneity in flow and peak dispersion between in- 
dividual channels across many channels. The dominant 
concern with multi-channel systems is that the channels 
may not be ldentk:al in tenms of migration velocity and 



fluid dynamics. The separation columns of the present 
Invention overcome this concern by mixing fluid from ad- 
jacent channels at periodic intervals along the length of 
the separation system. 

5 [0031] Figures 2A to 2F show examples of collocated 
monolith support structures 30, 34, 38, 42, 46, 50 for 
achieving interchannel coupling. The Illustrations in Fig- 
ures 2A to 2F suggest that streams from adjacent chan- 
nels will completely merge and mix, then spread laterally 

10 at the channel junctions 31 , 35, 39, 43, 47. 51 Into down- 
stream channels. However, in reality, incomplete mixing 
is likely at high mobile phase velocity. Three types of 
Interchannel geometry to achieve Intercoupling are re- 
vealed in Figures 2A to 2F. Figures 2 A, 2B and 2C show 

15 a (Y) shape configuration for interchannel coupling. Fig- 
ures 2D and 2E show an (X) shape configuration for in- 
terchannel coupling, and Figure 2F shows a (T) shape 
configuration for interchannel coupling. The T shape 
configuration in Figure 2F may be used to achieve In- 

20 terchannel coupling, but is not a preferred geometry. It 
has been observed that since adjacent channels In the 
T shape configuration intersection In a horizontal line 
and not a point, a non-streamline flow results Stagnant 
pools of liquid 51 , 52 in the channel adjacent a bottom 

25 surface 53 of a monolith structure 50 and a top surface 
53' of a monolith structure 50' accumulate. The bottom 
surface 53 is the surface of a monolith structure 50 per- 
pendicular to the flow direction 55 and the last surface 
of the monolith 50 to come in contact with a component 

30 passing through the column. The top surface 53' is the 
surface of a monolith structure 50' also perpendicularto 
the flow direction 55 and the first surface of the monolith 
50' to come in contact with the component passing 
through the column. Samples will diffuse into and out of 

35 these stagnant pools, and in the course of doing so, 
band spreading will result. In a preferred embodiment, 
monolith support structures 30, 34, 38, 42, 46 define 
channels 31 , 35, 39, 43, 47 that intersect In X or Y shape 
configurations. 

40 [0032] The geometry of monolith support structures 
affects interchannel coupling in another manner. Mono- 
lith support structures 30,' 34 shown in Rgures 2A and 
2B result in less interchannel coupling than monolith 
support structures 38, 42 shown in Figures 2C and 2D. 

45 Assuming that two separation columns have equal 
length with one column having support structures 30 
shown In Figure 2A and the other having support struc- 
tures 38 shown in Figure 2C, a sample In the first column 
32 must travel further before intercoupling and encoun- 

50 ters slightly fewer opportunities for intercoupling. This is 
because the support structures 30 in Figures 2A are 
elongated as compared to the support structures 38 in 
Figure 2C. The monolith geometries 30, 34 represented 
in Figures 2A and 2B are preferred when the degree of 

55 channel homogeneity is high, such that not much Inter- 
channel coupling Is required. On the other hand, when 
there are interchannel differences in either the rate of 
flow or peak dispersion caused by faulty fabrication, 



6 



11 



EP0 98S 146 B1 



12 



fouling during operation, leaching of organic surface 
coatings, or some other type of aging, structures similar 
to the ones shown in Figures 2C and 2D are preferred 
because they provide more interchannel coupling. The 
monolith structures 30, 34 In Figures 2A and 2B have a 
length that Is substantially longer than the width. The 
monolith structures 38, 42 in Figures 2C and 2D, have 
a length that is substantially equal to the width. The 
length is the dimension parallel to the longitudinal axis 
55 of the separation column and the width is the dimen- 
sion perpendicularto the longitudinal axis 55 of the sep- 
aration column, where both dimensions are parallel to 
the surface of the substrate. The net effect of Interchan- 
nel coupling is that heterogeneity between channels can 
be "averaged" or distributed across many channels as 
a sample migrates through the system. 
[0033] In another embodiment, referring to Figure 2E, 
a separation column 48 is designed to increase separa- 
tion efficiency per unit length of the column 48. Separa- 
tion efficiency is Increased by creating monolith struc- 
tures 46 and channels 49 that provide greater lateral mi- 
gration relative to longitudinal migration between Inter- 
coupling. The monolith structures 46 have a length that 
is substantially shorter than the width. The net effect is 
that the migration distance of a sample through a longi- 
tudinal unit length of this column 48 Is increased. This 
embodiment has properties similar to the serpentine 
channel columns existing in the prior art. Serpentine 
channel columns are used to increase the migration dis- 
tance of a sample within the limited space available on 
a chip. The problem with the serpentine channel ap- 
proach Is the "race track" effect caused by the comers. 
The "race track" effect refers to the effect of components 
of a sample traveling near the inner surface of the corner 
covering a shorter distance than components traveling 
near the outer surface of the comer. The difference in 
distance covered can add to zone broadening. The 
great advantage of the embodiment shown in Figure 2E 
is that it accomplishes efficiency per unit length but by 
using multiple channels and interchannel coupling, 
overcomes the "race track" effect. The embodiment of 
Figure 2E also provides larger capacity with channels 
of the same width. 

[0034] In yet another embodiment, the separation col- 
umn of the invention is designed to maximize heat dis- 
sipation. An electrophoretic current applied to a separa- 
tion column causes joule heating. Joule heating contrib- 
utes to band spreading by creating thermal gradients, 
which produce transchannel convection. According to 
the present invention, heat is dissipated through the 
monolith support structures, which are in communica- 
tion with a substrate or a cover at both ends. The sep- 
aration columns of the present invention maximizes 
heat dissipation in the following ways. First, heat dissi- 
pation is maximized by creating collocated monolith 
support structures and interchannels with high surface 
to volume ratio. Surface area refers to total wall space 
adjacent a single channel. Volume refers to volume of 



a single channel. Second, monolith structure mass to 
channel volume ratio is increased. Third, channel den- 
sity in a separation column is minimized. Channel den- 
sity can be minimized through monolith geometry. In a 
5 preferred embodiment, monolith structures with square 
cross-sectional areas are used to minimize channel 
density. Finally, channel height is minimized. 
[0035] Narrow channels between monoliths having 
tetragonal and hexagonal cross-sections are generally 
10 suitable for heat dissipation, as they provide both a large 
surface area to liquid volume ratio per channel and a 
low density of channels distributed throughout a column. 
Refemngto Figures 3A and 3C, narrow channels 60, 62 
between tetragonal monoliths 64 and hexagonal mom- 
is liths 66 meet these criterion. However, the monolith ge- 
ometry 66 shown in Figure 3A is preferred over the mon- 
olith geometry 68 shown in Figure 3B, because the mon- 
olith geometry 66 in Figure 3A provides lower channel 
density and higher monolith mass to channel surface ar- 
20 ea than the monolith geometry 68 shown in Figure 3D. 
The monolith 70 shown in Figure 3D is preferred over 
the monolith 64 shown in Figure 3C for the same rea- 
sons. 

[0036] In yet another embodiment, separation cot- 
25 umns are designed to minimize band spreading caused 
by a parabolic velocity distribution of a solution passing 
through the column. Parabolic velocity distribution in liq- 
uid chromatography becomes worse as the width of the 
separation column increases. The distance between ad- 
30 Jacent support structures is minimized to reduce band 
spreading without encountering operational problems. 
In a preferred embodiment, the minimum channel width 
is about 1 Jim, - 

[0037] In yet another embodiment, separation col- 

35 umns in which the flow Is electroosmotlcally driven are 
designed to minimize flow heterogeneity. Electroosmot- 
Ic flow (EOF) refers to movement of liquid Inside a sep- 
aration column due to application of an electric field. The 
velocity of electroosmotic flow is related to a zeta poten- 

40 tial generated at the surface of the column, the dielectric 
constant of the solution and the viscosity of the double 
layer fonmed at the surface of the column. Although 
there are localized regions of inhomogeneity in zeta po- 
tential, EOF in a 10- ICQ cm open tubular capillary is rel- 

<5 atively unifonn. Referring to Figures 4A and 4B, EOF in 
a collocated monolith support structure system 72 dif- 
fers from that in a single open tubular capillary. For ex- 
ample, there is the difference in lateral (or radial) elec- 
trical potential. Maximum electrical potential will be 

50 found where the field lines take the shortest route be- 
tween the system electrodes. The electric potential is 
thought to be unifomi across the separation channel In 
a single, long, open tubular capillary for this reason. In 
contrast, the shortest route between the electrodes in a 

55 collocated monolith support structure system 72 shown 
in Figures 4A and 48 is to cut diagonally across chan- 
nels 75 that are not parallel with the electric field 76 in 
the system. Because there Is a slightly higher potential 
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on one side of the channel 75, it is expected that EOF 
on that face of the channel will be higher. In a system 
operating at 1000 V/cm (0.1 V/fim), there is a potential 
drop of approximately one volt along the length of a 
channel that is 1 0 jun long. A channel length is a dimen- 
sion parallel to the surface of the substrate and parallel 
to the direction of flow inside the channel. It is seen in 
Figures 4A and 4B that the diagonal nature of the chan- 
nels can cause a vertical voltage differential of 88-350 
mV at the positions 73 and 74 of Individual channels 75. 
It is probable that this diagonal field effect will Induce 
flow heterogeneity within channels 75, which could im- 
pact interchannei coupling at the channel Junctions. The 
diagonal field line effect is greater In the separation col- 
umn having wider channels 75 shown in Figure 4A and 
less In the separation column having narrower channels 
77 shown in Figure 4B. in a preferred embodiment, the 
separation column driven by electroosmotic flow has 
collocated monolith support structures defining long, 
narrow channels 77 as shown In Figure 4B to minimize 
the diagonal field line effect. 
[0038] In still another embodiment, separation col- 
umns are designed to maximize the ratio of the overall 
surface areas of the support structures to the overall vol- 
ume of the channels, defined as the AA^ ratio. In chro- 
matography, increasing the AA/ ratio is advantageous 
as It Increases the phase ratio and loading capacity. 
Phase ratio Is the ratio of the area of the surface on 
which the stationary phase is supported to the volume 
of the mobile phase. When the phase ratio is very small, 
components of a sample are not adequately retained to 
achieve separation and resolution. In electrophoresis, 
separation columns with an high AA^ ratio dissipates 
heat caused by joule heating with greater efficiency. 
[0039] According to the invention, the A/V ratio is 
maximized by making the channels as long as possible 
and the channel width as nan-ow as possible, and min- 
imizing the number of channel junctions. A single, long 
capillary would be ideal to maximize the AA^ ratio, but 
there are other overriding advantages to multi-channel 
systems. Acceptable limits on the AN ratio should not 
compromise other variables in the system. According to 
the invention, the channel length (1) to width (w) ratio 
exceeds 3 and preferably exceeds 5. 
[0040] In still another embodiment, separation col- 
umns are designed to eliminate "wall effects". "Wall ef- 
fects" refer to the potential for stagnant pools of liquid 
to fomri at the walls of separation columns comprising 
collocated monolith support structures. Ref ending to Fig- 
ure 5A, stagnant pools 80 of liquid can fonn between a 
wall 82 and a corner of a tetragonal monolith 84. In some 
respect, this is similar to the "race track" effect noted 
above and may contribute to peak dispersion. In the em- 
bodiment of Figure 5C, the monolith geometry 86 elim- 
inates the potential for any dead spaces at the walls 88 
such that the walls 88 are swept by the liquid flow. A 
hexagonal monolith 86 geometry allows a flat side of a 
monolith 87 to be parallel to the wall 88 such that there 



is no dead space between the monolith 86 and the wall 
88. At the same time, the hexagonal monolith 86 geom- 
etry provides interchannei coupling by having a Y- 
shaped channel configuration 90. in the embodiment of 
5 Figure 58, rounding the corners during etching process 
eliminates dead spaces 80 (shown in Figure 5A) be- 
tween the walls 92 and the comers of the tetragonal 
monoliths 94 and thereby also eliminating the "wall ef- 
fects". 

10 [0041] In prior art chromatography columns, the diam- 
eter of a column Is many times larger (frequently >10X) 
than the diameter of the inlet or the outlet channel of the 
column. This presents several challenges. One chal- 
lenge is to homogeneously distribute mobile phase and 

'5 analyte laterally across the head of the column at the 
inlet without creating band spreading. Another chal- 
lenge is to homogeneously collect the mobile phase and 
the analyte after they have traversed the length of the 
column without causing zonal dispersion. In packed mi- 

20 crocolumns, this is frequently achieved by fusing micro- 
particle silica particles at the column outlet. This process 
Is very similar to the fusion process used to produce the 
"frit" In a fritted glass filter funnel. The problem with this 
approach Is that it is very difficult to pack these particles 

25 unlfonnly and then fuse them inside the capillary. The 
"fused frit" approach has been reported to cause serious 
zonal dispersion because they are not uniform causing 
flow Inhomogeneity. 

[0042] Refemng to Figure 6, the present invention 
30 eliminates the need for column temninating frits because 
the monolith supports, which take the place of particles, 
are all fabricated on a single wafer and therefore are 
immobilized. However, there is the issue of distributing 
and collecting the mobile phase at the column ends 1 1 4. 
35 The invention addresses the fluid mechanics of homo- 
geneously splitting and combining streams at the ends 
of separation columns 1 00, 1 02 by creating a collocated 
monolith distributor at an entry end of a separation col- 
umn and a collocated monolith collector at an exit end 
40 of the separation column. In a multi-dimensional sys- 
tem, each separation column may comprise a collocat- 
ed monolith distributor and a collocated monolith collec- 
tor. 

[0043] The concept behind the collocated monolith 
45 distributor 96 is to use monolith structures 97 to create 
a channel network 99, which sequentially splits a single 
channel into multiple channels by X" factor, where X is 
the number of channels that a single channel splits Into 
and n Is the number of times splitting takes place to pro- 
50 vide communication between the channels 101 In the 
channel network 99 and the channels 1 04 In the sepa- 
ration column 1 00. In the inlet 96 disclosed In Figure 6, 
a single stream 1 06 is first homogeneously split into two 
streams 107, the two streams 107 are split into four 
55 streams 108, the four streams 108 are split into eight 
streams 109, etc. The total number of channels (C) lat- 
erally across the inlet channel network 99 of the distrib- 
utor 96 shown in the figure can be expressed by the 
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equation 

C=2" . 

where n is the number of times the liquid stream splits. 
In a preferred embodiment, the channels 1 01 in the inlet 
channel network 99 splits by 2" factor. Although it is pos- 
sible to use splitting systems that follow 3", 4", or X" 
rule, it is more difficult to keep the path length of all chan- 
nels equal without Increasing tortuosity in some chan- 
nels. However, these structures may be preferred in 
cases where a wider column layout is needed for higher 
sample capacity. With these embodiments, constant 
cross-sectional areas of channels are maintained by the 
addition of two monolith stnjctures in between the chan- 
nels. 

[0044] Interchannel splitting provided by the inlet 
channel network 99 causes the same volume of liquid 
to reach all points In a lateral cross-section of the sep- 
aration column 1 00 at the same time. Any system which 
causes this to happen will give homogeneous interchan- 
nel splitting in the delivery of the mobile phase and sam- 
ple separation column. In a preferred embodiment, the 
inlet channel network 101 has channels of equal width, 
height, and length to achieve homogeneous interchan- 
nel splitting. In another embodiment, where the inlet 
channel network 99 has channels 101 with differing 
length and width, the length and width of each channel 
is adjusted such that equal volumes of liquid reach all 
points at the column inlet to maintain homogeneous In- 
terchannel splitting. 

[0045] In one embodiment, cross-sectional areas of 
all channels 1 01 in the inlet channel network 99 are sub- 
stantially equal. The cross-section area of a channel is 
perpendicular to the longitudinal axis 110 of the separa- 
tion column An advantage of this embodiment Is that 
narrow channels 101 used throughout the network 99 
minimizes "race-track" effects in channels that provide 
comers. Disadvantages of this embodiment are that liq- 
uid flowing into the separation column 100 have non- 
unlfomi velocities, which can cause zone broadening 
and increase degassing (bubble fonnation) from mobile 
phases in EOF pumped columns. Since all channels 
101 are the same width, the total cross-sectional area 
of the channels double at each level of splitting in the 2" 
system. The linear velocity of the mobile phase slows 
down as the mobile phase passes through subsequently 
split channels, since velocity is inversely proportion to 
cross-sectional area. Further more, the pressure will 
vary inversely with cross-sectional area. 
[0046] In the embodiment shown in Figure 6, the 
cross-sectional areas of the channels 101 In the inlet 
channel network 99 are sequentially halved as the 
number of channels 101 in the network 99 double at 
each level of splitting. This embodiment maintains the 
total cross-sectional area of the network across all 
planes, measured orthogonal to the longitudinal axis 



110 of the separation column 100 to be substantially 
constant. Furthermore, channels at each split level have 
the same cross-sectional area. Advantages of this em- 
bodiment are that linear velocity of mobile phase and 

5 pressure drop are constant at alt points in the system. 
[0047] The monolith collector 98 Is created in a man- 
ner similar to the monolith distributor 96. Adjacent chan- 
nels 116 In the network 118 are sequentially combined 
by X" factor, where X Is the number of adjacent channels 

10 116 that combine into a single channel and n is the 
number of times combinations take place. Combina- 
tions take place until all channels are combined into a 
single column 112. 

[0048] Therefore, a monolith distributor 96 or a mon- 

15 olith collector 98 having all channels with equal cross- 
sectional areas is preferred when the objective is to min- 
imize intracolumn zonal dispersion, i.e., no "race-track" 
effect, whereas a monolith distributor 96 or a monolith 
collector 98 with constant total cross-sectional area for 

20 channels in the same split level is preferred when the 
objective is to minimize extra column zonal dispersion, 
i.e., constant velocity and pressure. 
[0049] Figure 7 shows an electropherogram of elec- 
trophoretic separation of Rhodamine and Fluorescein 

25 using a separation apparatus of the present invention. 
Figure 8 shows an electropherogram of electrophoretic 
separation of peptides from human growth hormone 
(HGH) using a separation apparatus of the present in- 
vention. The separation column of the separation appa- 

30 ratus used to perfonn the separations has a plate height 
of approximately one micron. 

Claims 

35 

1. A separation column (10;100,102) comprising: 

a substrate (11); 

a longitudinal axis (16;110); 

40 a plurality of collocated monolith support stnjc- 

tures (2;1 4;30;34;38:42;46;50,50':64;66:68; 
70;84;86:94:97) fomied on said substrate (11) 
and arrayed in two dimensions to define a plu- 
rality of interconnected channels (6;12;31;32; 

45 35;39:43;47;49;60;62;75;77:90: 1 04.1 08. 1 09); 

and 

an Inlet (96) and/or outiet (98) comprising a 
channel network (99;118) that sequentially 
splits a single channel (11 2; 11 4) Into multiple 

50 channels (101;116) by X" where "X" is the 

number of channels into which a single channel 
splits and "n" is the number of times the chan- 
nels split along the longitudinal axis (16;110), 
wherein the channel network (99;1 1 8) of the in- 

55 let/outlet (96;98) is defined by monolith stnjc- 

tures fomned on said substrate (11) and is in flu- 
id communication with said plurality of intercon- 
nected channels (6;12;31;32;35:39:43;47:49; 
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60;62;75;77;90;1 04,1 08.1 09). 

2. The separation column of claim 1 wherein each 
support structure (14) of the plurality of collocated 
monolith support structures (14) has a first end (7) 
and a second end (9), and the plurality of collocated 
monolith support structures (1 4) are connected with 
each other at the first end (7) of each collocated 
monolith support structure (14). 

3. The separation column of claim 2 further comprising 
a cover plate (13) connected with each of the plu- 
rality of collocated monolith support structures (14) 
at the second end (9) of each monolith support 
structure (14). 

4. The separation column of claim 2 wherein the plu- 
rality of collocated monolith support structures 
(2,14) comprises a first and a second group of col- 
located monolith support structures, the second 
group being a min'or image of the first group and 
disposed over the first group, such that the second 
end (9) of each monolith support structure (14) of 
the first group is in communication with the second 
end (4) of a corresponding monolith support struc- 
ture (2) of the second group, thereby closing the 
separation column. 

5. The separation column of any one of claims 1 to 4 
wherein the plurality of collocated monolith support 
structures (2; 1 4) have surfaces (1 ;1 5) capable of in- 
teracting with analytes passing through the plurality 
of interconnected channels (6;12) to induce sepa- 
ration of the analytes. 

6. The separation column of claim 5 wherein the sur- 
faces (1;15) of the monolith support structures (2; 
14) are coated with a specific binding analyte. 

7. The separation column of any one of claims 1 to 6 
wherein the plurality of Interconnected channels (6; 
1 2:31 ;32;35;39;43:47;49;60;62;75;77;90; 
104,108,109) are substantially unifomi in shape 
and size. 

8. The separation columri of any one of claims 1 to 7 
wherein the plurality of Interconnected channels are 
substantially rectangular channels. 

9. The separation column of any one of claims 1 to 8 
wherein each of the plurality of collocated monolith 
support structures (2:14;38;42:50,50';64;70;84;94; 
97) has a tetragonal cross-section, wherein the 
cross-section is a plane parallel to a plane of a sub- 
strate (11) supporting the support structures. 

10. The separation column of any one of claims 1 to 8 
wherein each of the plurality of collocated monolith 



support structures (30;34;66;68;86) has a hexago- 
nal cross-section, wherein the cross-section is a 
plane parallel to a plane of a substrate (11) support- 
ing the support structures. 

5 

11. The separation column of claim 8 or 9 wherein an 
aspect ratio of a channel between two adjacent sup- 
port structures is in the range of from about 5 to 
about 100, wherein the aspect ratio is the ratio of a 

10 depth to a width of a channel, where the depth is a 
dimension perpendicular to a plane of the substrate 
(1 1 ) supporting the support structures and the width 
is a dimension perpendicular to a flow direction in 
the channel and parallel to the plane of the sub- 

15 strate(11). 

1 2. The separation column of any one of claims 1 to 1 1 
wherein interchannel coupling is provided by the 
plurality of interconnected channels defined by the 

20 plurality of collocated monolith support structures, 
each collocated monolith stnjcture having a length 
that is substantially equal to a width where the 
length Is a dimension parallel to and the width is a 
dimension perpendicular to a longitudinal axis of the 

25 separation column and parallel to a plane of the 
substrate. 

13. The separation column of any one of claims 1 to 12 
wherein interchannel coupling is provided by X or Y 

so shape configuration of the intersecting channels. 

14. The separation column of any one of claims 1 to 13 
wherein an electrophoretic current is adapted to be 
applied to the column and heat created by the cur- 

35 rent is dissipated through the plurality of monolith 
support structures. 

15. The separation column of any one of claims 1 to 14 
wherein each of the monolith support structures is 

40 sized to maximize heat dissipation. 

16. The separation column of any one of claims 1 to 14 
wherein separation efficiency per unit length of the 
separation column Is provided by the plurality of col- 

45 located monolith support structures, a cross sec- 
tional area of each monolith support structure of the 
plurality of collocated support structures measured 
parallel to a substrate supporting the support struc- 
tures having a length that is substantially shorter 

50 than a width, wherein the length is parallel to a lon- 
gitudinal axis of the separation column and the 
width is substantially perpendicular to the longitudi- 
nal axis of the separation column and parallel to a 
plane of the substrate. 

55 

17. The separation column of any one of claims 1 to 16 
wherein the channels adjacent walls (88) of the sep- 
aration column are substantially parallel to the walls 
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thereby to substantially eliminate a wall-effect. 

18. The separation column of any one of claims 1 to 16 
wherein comers of the channels adjacent walls (92) 
of the separation columns (94) are rounded to elim- 
inate any dead space (80). 

19. The separation column of any one of claims 1 to 1 8 
wherein cross-sectional areas of ad of the channels 
(101 ill 6) In the channel network (99; 11 8) are sub- 
stantially equal. 

20. The separation column of any one of claims 1 to 1 8 
wherein cross-sectional areas of the channels (1 01 ; 
116) in the channel networic (99:118) are sequen- 
tially reduced as the number of channels (101 ;11 6) 
in the channel network (99:116) increases, thereby 
maintaining the total cross sectional area of the 
channel network across all planes orthogonal to the 
longitudinal axis (16; 110) of the separation column 
to be substantially constant. 

21 . The separation column of any one of claims 1 to 20, 
wherein the plurality of interconnected channels (6; 
1 2;31 ;32;35;39:43:47;49;60:62:75;77;90: 
104,108,109) are defined by the plurality of collo- 
cated monolith support stnjctures (2;14:30;34:38: 
42:46;50,50';64;66;68;70:84;86;94:97) such that 
they sequentially merge and split. 

22. A method for manufacturing the separation column 
of any one of claims 1 to 21 , the method comprising: 

providing a substrate (11); 
patterning the substrate (1 1 ) to designate areas 
of the substrate ( 1 1 ) to be etched; 
etching the substrate (1 1 ) to create the plurality 
of collocated monolith support structures (2; 14) 
defining the plurality of interconnected chan- 
nels and the monolith structures creating the 
channel network of the inlet (96) and/or outlet 
(98): and 

closing the separation column. 



the inlet (96) and/or outlet (98) on the first and 
the second substrate that are mirror images; 
and 

closing the separation column comprises dis- 
5 posing the second substrate over the first sub- 

strate such that each monolith support stmc- 
ture (14) of the first substrate is in communica- 
tion with a con^esponding monolith support 
structure (2) of the second substrate, thereby 
10 closing the separation column. 

25. The method of claim 22. 23 or 24 wherein etching 
the substrate comprises anisotropic etching, LIGA 
etching, reactive ion etching, or electron beam etch- 
's ing. 

26. A separation apparatus comprising: 

a separation column of any one of claims 1 to 
20 21; 

a plurality of reservoirs in communication with 
the separation column; and 
a sample reservoir in communication with the 
separation column. 

25 

27. The separation apparatus of claim 26 further com- 
prising a pump located to pump a mobile phase from 
a reservoir through the separation column. 

30 28. The separation apparatus of claim 26 further com- 
prising an electrophoresis apparatus in electrical 
communication with the separation column, the 
electrophoresis apparatus applying a potential 
across the separation column for separating com- 

35 ponents of a sample passing through the separation 
column. 

29. The separation apparatus of claim 26 further com- 
prising a detector in communication with the sepa- 

40 ration column. 

30. The separation apparatus of claim 29 wherein the 
detector is a mass spectrometer. 



23. The method of claim 22 wherein 

closing the separation column comprises at- 
taching a cover plate (13) on a surface of the 
plurality of collocated monolith support struc- 
tures (14). 

24. The method of claim 22 wherein 

providing the substrate comprises providing a 
first and a second substrate; 
etching the substrate comprises etching the 
first and the second substrate to create the col- 
located monolith support structures (2,14) and 



45 31 . A method for separating components of a sample, 
the method comprising: 

introducing a medium solution into the inlet of 
the separation column of any one of claims 1 to 
so 21; 

introducing a sample into the inlet of the sepa- 
ration column; and 

separating components of the sample as the 
sample passes through the separation column. 

55 

32. The method of claim 31 wherein separating the 
components of the sample comprises applying a 
potential to the column such that components of the 
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sample are separated by electrophoretic mobility. 



PatentansprQche 

1. Trennsaule (10;100,102) mit: 

einem Substrat (11), 
einer Longitudinalachse (16:110), 
mehreren nebeneinander angeordneten Mo- 
nolith-Halterungsstrulrturen {2;14;30;34;38:42: 
46;50,50';64;66;68; 70;84;86;94;97), die auf 
dem Substrat (1 1 ) ausgebildet sind und in zwei 
Dimensionen nebeneinander angeordnet sind, 
um mehrere miteinander verbundene Kanale 
(6;12;31 ;32;35;39;43; 47;49;60;62:75;77;90; 
104,108.109) festzuiegen, und 
einem EinlaB (96) und/oder AusiaB (98) mit ei- 
nem Kanalnetz (99;118), welches sequentiell 
einen einzelnen Kanal (112;114) in mehrere 
Kanale (101 ;11 6) durch X" untertellt, wobei "X" 
die Anzahl von Kanaien ist, In die ein einzelner 
Kanal untertellt ist, und "n" die Anzahl von Ma- 
len ist, die die Kanale entlang der Longitudi- 
nalachse (1 6;1 1 0) untertellt sind, wobei das Ka- 
nalnetz (99;118) des Einlasses/Austasses (96; 
98) durch auf dem Substrat (11) ausgebildete 
Monolithstrukturen festgelegt Ist und in Fluid- 
verbindung mit den mehreren miteinander ver- 
bundenen Kanfiien (6;12;31;32;35; 39;43;47; 
49;60;62;75;77:90;104,108,109)steht. 

2. Trennsaule nach Anspnjch 1 , wobei jede Halte- 
rungsstruktur (14) der mehreren nebeneinander 
angeordneten Monolith-Halterungsstmkturen (14) 
eIn erstes Ende (7) und ein zweites Ende (9) auf- 
welst und die mehreren nebeneinander angeordne- 
ten Monollth-Halterungsstrukturen (14) miteinan- 
der am ersten Ende (7) jeder nebeneinander ange- 
ordneten Monolith-Halterungsstruktur (14) verbun- 
den sind. 

3. Trennsaule nach Anspruch 2, ferner mit einer Ab- 
deckplatte (13), die mit jeder der mehreren neben- 
einander angeordneten Monclith-Halterungsstmk- 
turen (14) am zweiten Ende (9) jeder Monolith-Hal- 
terungsstruktur (14) verbunden ist. 

4. Trennsaule nach Anspruch 2, wobei die mehreren 
nebeneinander angeordneten Monolith-Halte- 
rungsstrukturen (2,14) eine erste und eine zweite 
Gruppe nebeneinander angeordneter Monolith- 
Haltenjngsstrukturen umfasst, wobei die zweite 
Gruppe ein Spiegelblld der ersten Gmppe ist und 
uber der ersten Gruppe so nebeneinander angeord- 
net ist, dass das zweite Ende (9) Jeder Monolith- 
Halterungsstruktur (14) der ersten Gruppe in Ver- 
bindung mit dem zweiten Ende (4) einer entspre- 



chenden Monolith-Halterungsstruktur (2) der zwei- 
ten Gruppe .steht, wodurch die Trennsaule ge- 
sch lessen ist. 

5 5. Trennsaule nach einem der Anspruche 1 bis 4, wo- 
bei die mehreren nebeneinander angeordneten 
Monolith-Hatterungsstrukturen (2;14) Oberflachen 
(1 ;15) aufwelsen, die mit durch die mehreren mit- 
einander verbundenen Kanale (6;12) durchlaufen- 

10 den Analyten in Interaktion treten konnen, um eine 
Trennung der Analyten zu induzleren. 

6. Trennseiule nach Anspruch 5, wobei die OberflS- 
Chen (1;15) der Monolith-Halterungsstmkturen (2; 

15 14) mit einem spezifischen Bindungsanalyten be- 
schichtet sind. 

7. Trennsaule nach einem der Anspruche 1 bis 6, wo- 
bei die mehreren untereinander verbundenen Ka- 

20 nale (6;12;31;32:35;39: 43;47;49;60;62;75;77:90; 
1 04,1 08,1 09) In der Fonm und derGroBe im wesent- 
lichen gleichmaBig sind. 

8. Trennsaule nach einem der Ansprvkihe 1 bis 7, wo- 
25 bei die mehreren untereinander verbundenen Ka- 

nHle Im wesentlichen rechtecklge Kanftle sind. 

9. TrennsSule nach einem der Anspriiche 1 bis 8, wo- 
bei Jede der mehreren nebeneinander angeordne- 

30 ten Monollth-Halterungsstrukturen (2;14;38;42; 
50,50':64;70;84;94;97) einen tetragonaleh Quer- 
schnitt aufwelst, wobei der Querschnitt eine zu ei- 
ner Ebene eines die Halterungsstrukturen tragen- 
den Substrats (11) parallele Ebene ist. 

35 

10. Trennsaule nach einem der Anspruche 1 bis 8, wo- 
bei jede der mehreren nebeneinander angeordne- 
ten Monolith-Hatterungsstrukturen (30;34;66;68; 
86) einen hexagonalen Querschnitt aufwelst, wobei 

40 der Querschnitt eine zu einer Ebene eines die Hal- 
terungsstoikturen tragenden Substrats (11) paralle- 
le Ebene Ist. 

11. Trennsaule nach Anspruch 8 Oder 9, wobei ein Sei- 
45 tenverhaltnis eines Kanals zwischen zwei aneinan- 

dergrenzenden Halterungsstrukturen im Bereich 
von etwa 5 bis etwa 1 00 llegt, wobei das Seitenver- 
hattnis das Verhaltnis einer Tiefe zu einer Breite ei- 
nes Kanals ist, bei dem die Tiefe eine Dimension 
50 senkrecht zu einer Ebene des die Haltemngsstruk- 
turen tragenden Substrats (11) ist und die Breite ei- 
ne Dimension senkrecht zu einer Stromungsrich- 
tung in dem Kanal und parallel zu der Ebene des 
Substrats (11) ist. 

55 

12. Trennsaule nach einem der Anspruche 1 bis 11, wo- 
bei eine Zwischenkanalkoppelung durch die meh- 
reren, mittels der mehreren nebeneinander ange- 
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ordneten Monolith-Halterungsstrukturen festgeleg- 
ten, miteinander verbundenen Kanale vorgesehen 
ist, wobel jede nebeneinander angeordnete Mono- 
lithstruktur eine Lange aufweist, die im wesentli- 
Chen gleich einer Breite ist. bei der die Lange eine 
Dimension parallel zu, und die Breite eine Dinnen- 
slon senkrecht zu einer Longitudlnalachse der 
Trennsaule und parallel zu einer Ebene des Sub- 
strats ist. 

13. Trennsaule nachelnem der Anspriichel bis 12, wo- 
bei eine Zwischenkanalkoppelung durch eine X- 
oder Y-fomnige Konfigu ration der sich kreuzenden 
Kandle gebildet Ist. 

14. Trennsaule nachelnem der Anspriichel bis13,wo- 
bei ein elektrophoretischer Strom an die Saule an- 
gelegt werden kann und durch den Strom erzeugte 
Wamrie uber die mehreren Monolith-Halterungs- 
strukturen zerstreut bzw. abgeleitet wird. 

15. Trennsaule nach einem der Anspruche 1 bis 14, wo- 
bei jede der Monolith-Halterungsstrukturen so be- 
messen ist, dass sie eine Wamneableitung maxi- 

miert. 

16. Trennsaule nach einem der Anspruche 1 bis 14, wo- 
bel dIeTrenneffizienz pro Langeneinheit der Trenn- 
saule durch die mehreren nebeneinander angeord- 
neten Monollth-Hatterungsstrukturen bereltgestellt 
wird, wobei eine Querschnittsflache jeder Monollth- 
Halterungsstruktur der mehreren nebeneinander 
angeordneten Halterungsstrukturen, parallel zu ei- 
nem die Halterungsstrukturen tragenden Substrat 
gemessen, eine Lange aufweist, die wesentlich kur- 
zer als eine Breite ist, wobei die Lange parallel zu 
einer Longitudlnalachse der Trennsaule ist und die 
Breite Im wesentlichen senkrecht zu der Longitudl- 
nalachse der Trennsaule und parallel zu einer Ebe- 
ne des Substrats Ist. 

17. Trennsaule nach einem der Anspriichel bis 16, wo- 
bei die Kanale angrenzend an Wande (88) der 
Trennsaule Im wesentlichen parallel zu den Wan- 
den sind, wodurch ein Wandeffekt im wesentlichen 
eliminiert wird. 

18. Trennsaule nach einem der Anspriichel bis 16, wo- 
bei Ecken der Kanale angrenzend an Wande (92) 
derTrennsaulen (94) abgerundetsind, um jeglichen 
Totraum (80) zu elimlnieren. 

19. Trennsaule nach einem der Anspriiche 1 bis 1 8, wo- 
bei die Querschnittsflachen aller Kanale (101;116) 
In dem Kanalnetz (99;118) im wesentlichen gleich 
sind. 

20. Trenns&ule nach einem der Anspriichel bis 18, wo- 



bei die Querschnittsflachen der Kanale (1 01 ; 1 1 6) in 
dem Kanalnetz (99;118)sequentlellmitzunehmen- 
der Anzahl von Kanalen (101;116) in dem Kanal- 
netz (99;118) geringer sind, wodurch die Gesamt- 
5 querschnittsflache des Kanalnetzes iiber alien zu 
der Longitudlnalachse (16;110) der Trennsaule or- 
thogonalen Ebenen beibehatten wird, so dass sie 
im wesentlichen konstant ist. 

10 21. Trennsaule nach einem der Anspruche 1 bis 20, wo- 
bei die mehreren miteinander verbundenen Kanale 
(6;1 2;31 ;32:35;39;43; 47;49;60;62;75;77;90: 
104,108,109) durch die mehreren nebeneinander 
angeordneten Monolith-Halterungsstrukturen (2; 

15 14;30;34;38;42;46;50.50';64;66;68;70;84;86;94; 

97) festgelegt sind, so dass sie sequentlell ineinan- 
der iibergehen und sIch aufteilen. 

22. Verfahren zur Herstellung der Trennsaule nach ei- 
20 nem der Anspriiche 1 bis 21 , wobei das Verfahren 

umfasst: 

Bereltstellen eines Substrats (11), 
Strukturleren des Substrats (11). um Flachen 
25 des Substrats (11), die zu Stzen sind, zu be- 

stlmmen, 

Atzen des Substrats (1 1 ), um die mehreren ne- 
beneinander angeordneten Monolith-Halte- 
rungsstrukturen (2; 1 4) zu erzeugen , welche die 
30 mehreren miteinander verbundenen Kan§le 

festlegen, wobei die Monollthstrukturen das 
Kanalnetz des Einlasses (96) und/oder des 
" ' ' Auslasses (98) erzeugen; und - - - 
SchlielBen der Trennsaule. 

35 

23. Verfahren nach Anspruch 22, wobei 

das SchlieBen der Trennsaule das Anbringen 
einer Abdeckplatte (13) auf einer Oberflache der 
mehreren nebeneinander angeordneten Monolith- 
40 Halterungsstrukturen (14) umfasst. 

24. Verfahren nach Anspruch 22, wobel 

das Bereltstellen des Substrats das Bereit- 
stellen eines ensten und zweiten Substrats umfasst, 

45 das Atzen des Substrats das Atzen des ersten 

und zweiten Substrats umfasst, um die nebenein- 
ander angeordneten Monolith-Halterungsstruktu- 
ren (2,14) und den EinlaB (96) und/oder Auslaf3 (98) 
auf dem ersten und dem zweiten Substrat, die Spie- 

50 gelbilder sind, zu erzeugen, und 

das SchlieBen der Trennsaule das Anordnen 
des zweiten Substrats iiber dem ersten Substrat 
umfasst, so dass jede MonolithrHalterungsstruktur 
(1 4) des ersten Substrats In Verbindung mit einer 

55 entsprechenden Monolith-Halterungsstruktur (2) 
des zweiten Substrats steht, wodurch die Trenn- 
s&uie geschlossen wird. 
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25. Verfahren nach Anspaich 22, 23 oder 24, wobei das 
Atzen des Substrats ein anisotropes Atzen, ein LI- 
GA-Atzen, ein reaktives lonenatzen oder ein Elek- 
tronenstrahlatzen umfasst. 

26. Trennvorrichtung mit: 

einerTrennsfiule nach einem der Anspruche 1 
bis 21 , mehreren Behdttem in Verblndung m\t 
derTrennsaule, und 

einem ProbenbehSlter in Verbindung mit der 
Trennsaule. 

27. Trennvorrichtung nach Anspruch 26, ferner mit ei- 
ner Pumpe, die so angeordnet isl, dass sle eine mo- 
bile Phase aus einem Behalter durch dieTrennsau- 
ie pumpt. 

28. Trennvorrichtung nach Anspruch 26, ferner mit ei- 
ner Elektrophorese-Vorrichtung in elektrischer Ver- 
bindung mit derTrennsaule, wobei die Elektropho- 
rese-Vorrichtung ein Potential uber derTrennsaule 
zum Trennen von Komponenten einer die Trenn- 

- sauie durchlaufenden Probe aniegt. 

29. Trennvomchtung nach Anspruch 26, ferner mit ei- 
nem Detektor in Verbindung mit derTrennsaule. 

30. Trennvorrichtung nach Anspruch 29, wobei der De- 
tektor ein Massenspektrometer ist. 

31. Verfahren zum Trennen von Komponenten einer 
Probe, wobei das Verfahren umfasst: 

Einbringen einer i^ediumldsung in den EinlaB 
der Trennsaule nach einem der Anspruche 1 

bis 21 , 

Einbringen einer Probe in den Einla3 der 
Trennsaule, und 

Trennen von Komponenten der Probe, wenn 
die Probe die Trennsaule durchlauft. 

32. Verfahren nach Anspruch 31 , wobei das Trennen 
der Komponenten der Probe das Aniegen eines Po- 
tentials an die Saule umfasst, so dass die Kompo- 
nenten der Probe durch elektrophoretische Mobili- 
tatgetrennt warden. 



Revendicatlons 

1 . Colonne de separation (1 0 ; 1 00, 1 02) comprenant : 

un substrat (11) ; 

un axe longitudinal (16, 110) ; 

une plurality de structures de support monoli- 

thiques contigues (2:14; 30; 34; 38; 42; 46; 50, 

50'; 64; 66; 68; 70; 84; 86; 94; 97) form6es sur 



ledit substrat (11 ) et dispos^es en deux dimen- 
sions, afin de d^finir une plurality de canaux in- 
terconnect6s (6; 12; 31;32;35;39;43;47;49;60; 
62;75;77;90;104,108,109);et 

5 une entr6e (96) et/ou une sortie (98) compre- 

nant un r^seau de canaux (99 ;118) qui divise 
s6quentiet)ement un canal uniqu e (1 1 2 ; 1 1 4) en 
de multiples canaux (1 01 ;1 1 6) par X" oD « X » 
est le nombre de canaux dans lesquels un ca- 

10 nal simple se divise et « n » est le nombre de 

fois ou les canaux se divlsent le long de I'axe 
longitudinal (16;110), dans tequet le r^seau de 
canaux (99 ;1 1 8) de I'entrde/sortie (96 ;98) est 
d6flni par des structures monolithlques for- 

15 m6es sur ledit substrat (11) et est en commu- 

nication de fluide avec ladite plurality de ca- 
naux interconnectes (6;12;31;32;35;39;43;47; 
49:60;62;75;77; 90;1 04,1 08.1 09). 

20 2. Colonne de separation selon la revendication 1 , 
dans laquelle chaque structure de support (14) de 
la plurality de structures de support monolithiques 
contigues (14) a une premiere extr6mit6 (7) et une 
seconde extrdmit^ (9) et les structures de support 

2s monolithiques contigues (14) sont relives les unes 
aux autres k la premiere extr6mit6 (7) de chaque 
structure de support monolithique contigue (14). 

3. Colonne de separation selon la revendication 2, 
30 comprenant en outre une plaque de couverture (1 3) 

relive k chacune de la pluralite des structures de 
support monolithique contigues (14) k la seconde 
extremite (9) de chaque structure de support mo- 
nolithique (14). 

35 

4. Colonne de separation selon la revendication 2, 
dans laquelle la plurality de structures de support 
monolithiques contigues (2,14) comprend un pre- 
mier et un second groupe de structures de support 

40 monolithiques contigues, le second groupe 6tant 
une Image en miroir du premier groupe. dispose au- 
dessus du premier groupe, de sorte que la seconde 
extremity (9) de chaque structure de support mo- 
nolithique (14) du premier groupe soit en commu- 

45 nication avec la seconde extr6mit6 (4) d'une struc- 
ture de support monolithique correspondante (2) du 
second groupe, en fermant ainsi la colonne de se- 
paration. 

50 5. Colonne de separation selon Tune quelconque des 
revendicatlons 1 k 4, dans laquelle la pluralite des 
structures de support monolithique contigues (2;1 4) 
pr^sente des surfaces (1;15) capables d'interagir 
avec des anatytes passant k travers la plurality de 

55 canaux interconnect6s (6;1 2) pour provoquer une 
separation des analytes. 

8. Colonne de separation selon la revendication 5, 
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dans laquelle les surfaces (1:15) des structures de 
support monolithtques (2;14) sont revStues d'un 
analyte de liaison sp6cifique. 

7. Colonne de separation seton Tune quetconque des 
revendications 1^6, dans laquelle la pluralitd des 
canaux interconnect6s (6;12;31;32;35:39;43;47; 
49; 60;62;75;77;90;1 04.1 08,1 09) est sensiblement 
unifonne en fomne et en taille. 

8. Colonne de separation selon i'une quelconque des 
revendications 1 £i 7, dans laquelle la plurality de 
canaux interconnectds est sensiblement constitute 
de canaux rectanguialres. 

9. Colonne de separation selon I'une quelconque des 
revendications 1 k 8, dans laquelle chacune de la 
plurality des structures de support monolithiques 
contigues (2;14; 38;42; 50:50';64; 70; 84; 94;97) a 
une coupe transversale tetragonale, dans laquelle 
la coupe transversale est un plan parall^le ^ un plan 
d'un substrat (11) supportant les structures de sup- 
port. 

10. Colonne de separation selon I'une quelconque des 
revendications 1 d 8, dans laquelle chacune de la 
plurality de structures de support monolithiques 
contigues (30;34;66;68;86) a une coupe transver- 
sale hexagonale, dans laquelle la coupe transver- 
sale est un plan paralieie k un plan d'un substrat 
(11) supportant les structures de support. 

11. Colonne de separation selon la revendication 8 ou 
9, dans laquelle un rapport d'aspect d'un canal en- 
tre deux structures de support adjacentes est dans 
la gamme d'envlron 5 k environ 100, dans laquelle 
le rapport d'aspect est le rapport entre une profon- 
deur et une largeur d'un canal, ou la profondeur est 
une dimension perpendiculaire ^ un plan du subs- 
trat (11) supportant les structures de support et la 
largeur est une dimension perpendiculaire k un 
sens de flux dans le canal et paralieie au plan du 
substrat (11). 

12. Colonne de separation selon i'une quelconque des- 
revendications 1^11, dans laquelle le couplage in- 
tercanai est realise par la plurallte de canaux inter- 
con nectes detlnis par la plurallte de structures de 
support monolithiques contigues, chaque structure 
monolithique contigue ayant une longueur qui est 
sensiblement egale k une largeur, ou la longueur 
est une dimension paralieie a et la largeur est une 
dimension perpendiculaire k un axe longitudinal de 
la colonne de separation et paralieie kun plan du 
substrat. 

13. Colonne de separation selon I'une quelconque des 
revendications ^k^2, dans laquelle le couplage in- 



tercanal est realise par une configuration en forme 
de X ou Y des canaux d'intersection. 

14. Colonne de separation selon I'une quelconque des 
5 revendications 1 ^ 13, dans laquelle un courant 

eiectrophoretique est adapte pour §tre applique k 
la colonne et la chateur creee par le courant est dis- 
sipee, par le bials de la plurallte de structures de 
support monolithiques. 

10 

15. Colonne de separation selon I'une quelconque des 
revendications 1 & 14, dans laquelle chacune des 
structures de support monolithiques est dimension- 
nee pour optlmiser la dissipation thenmique. 

15 

16. Colonne de separation selon Tune quelconque des 
revendications 1^14. dans laquelle I'efficacite de 
la separation par longueur unitaire de la colonne de 
separation est fournte par la plurallte de structures 

20 de support monolithiques contigues, une zone en 
coupe transversale de chaque structure de support 
monolithique de la plurallte des structures de sup- 
port contigues mesuree paraiieiement k un substrat 
supportant les structures de support ayant une lon- 

25 gueur qui est sensiblement plus courte qu*une lar- 
geur, dans laquelle la longueur est paralieie k un 
axe longitudinal de la colonne de separation et la 
largeur est sensiblement perpendiculaire k I'axe 
longitudinal de la colonne de separation et paralieie 

30 k un plan du substrat. 

17. Colonne de separation selon Tune quelconque des 
revendications 1 k 16, dans laquelle les parois ad- 
jacentes des canaux (88) de la colonne de separa- 

35 Won sont sensiblement paralidles aux parois afin de 
sensiblement eiiminer un effet de mur. 

18. Colonne de separation selon I'une quelconque des 
revendications 1^16, dans laquelle les angles des 

40 parois adjacentes des canaux (92) des colonnes de 
separation (94) sont arrondis pour eiiminer tout es- 
pace mort (80), 

19. Colonne de separation selon I'une quelconque des 
45 revendications 1 e 18, dans laquelle les zones en 

coupe transversale de tous les canaux (101;116) 
dans le reseau de canaux (99; 11 8) sont sensible- 
ment egales. 

so 20. Colonne de separation selon I'une quelconque des 
revendications 1^18, dans laquelle les zones en 
coupe transversale des canaux (101;116) dans le 
reseau de canaux (99; 11 8) sont sequentiellement 
reduites quand le nombre de canaux (101;116) 

55 dans le reseau de canaux (99;118) augmente. en 
maintenant ainsi la zone en coupe transversale to- 
tale du reseau de canaux k travers tous les plans, 
perpendiculaires k I'axe longitudinal (16;110) de la 
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colonne de separation, sensiblement constante. 

21. Colonne de separation selon Tune quelconque des 
revendications 1 k 20, dans laquelle la plurality de 
canaux interconnectes (6;12;31;32;35; 39;43;47; 
49:60;62;75;77;90;1 04.1 08.1 09) sont dSfinls par la 
plurality de structures de support monollthiques 
contlgues (2 ;14;30:34;38;42;46;50.50';64;66;68; 
70; 84;86;94:97), de sorte qu'ils se rencontrent s6- 
quentiellement et se divisent. 

22. Proc6de de fabrication de la colonne de separation, 
selon Tune quelconque des revendications 1 ^ 21 , 
(edit procede comprenant : 

la fourniture d*un substrat (11) ; 
la formation de motifs sur le substrat (11) pour 
designer les zones du substrat (11) ^ graver ; 
la gravure du substrat (11) pour cr6er la plura- 
lite de structures de support monolithiques con- 
tlgues (2; 14) definlssant la pluralite de canaux 
interconnectes et les structures monolithiques 
creant le reseau de canaux de Tentree (96) et/ 
ou de la sortie (98) ; et 
la fermeture de la colonne de separation. 

23. Procede selon la revendicatlon 22, dans lequel 

la femneture de la colonne de separation com- 
prend la fixation d'une plaque de couverture 

(13) sur une surface de la pluralite des stnjctu- 
res de support monolithiques contlgues (14). 

24. Precede selon la.revendication 22, dans lequel 

la fourniture du substrat comprend la fourniture 
d'un premier et d'un second substrat ; 
la gravure du substrat comprend la gravure du 
premier et du second substrat pour cr6er les 
structures de support monolithique contlgues 
(2,14) et I'entree (96) et/ou la sortie (98) sur le 
premier et le second substrat qui sont des ima- 
ges en miroir ; et 

la fenneture de la colonne de separation com- 
-prend la disposition du second substrat sur le 
premier substrat, de sorte que chaque stmcture 
de support monolithique (14) du premier subs- 
trat solt en communication avec une stnjcture 
de support monolithique con^espondante (2) du 
second substrat, en fenmant ainsi la colonne de 
separation. 

25. Precede selon la revendicatlon 22, 23 ou 24, dans 
lequel la gravure du substrat comprend la gravure 
anisotrope, la gravure LIGA, la gravure lontque 
reactive, ou la gravure par faisceau d'eiectrons. 

26. Appareil de separation comprenant : 



une colonne de separation selon Tune quelcon- 
que des revendications 1 ^ 21 ; 
une pluralite de reservoirs en communication 
avec la colonne de separation ; et 
5 un reservoir d'echantillons en communication 

avec la colonne de separation. 

27. Appareil de separation selon la revendicatlon 26. 
comprenant en outre une pompe situee de fagon k, 

10 pomper une phase mobile dun reservoir k travers . 
la colonne de separation. 

28. Appareil de separation selon la revendicatlon 26, 
comprenant en outre un appareil d'eiectrophorese 

IS en communication eiectrique avec la colonne de se- 
paration, I'appareil d'eiectrophorese appliquant un 
potentiel k travers la colonne de separation pourse- 
parer les composants d'un echantillon passant k 
travers la colonne de separation. 

20 

29. Appareil de separation selon la revendicatlon 26, 
comprenant en outre un detecteur en communica- 
tion avec la colonne de separation. 

25 30. Appareil de separation selon la revendicatlon 29, 
dans lequel le detecteur est un spectrometre de 

masse. 

31 . Precede de separation de composants d'un echan* 
30 tillon, le precede comprenant : 

I'introduction d'une solution d'un milieu dans 
i'entree de la colonne de separation, selon I'une 
quelconque des revendications 1 a 21 ; 
35 I'introduction d'un echantillon dans I'entree de 

la colonne de separation ; et 
la separation des composants de rechantlllon 
quand I'echantlllon passe k travers la colonne 
de separation. 

40 

32. Precede selon la revendicatlon 31. dans lequel la 
separation des composants de I'echantillon com- 
prend Tappllcation d'un potentiel k la colonne, de 
sorte que les composants de I'echantillon soientse- 

^5 pares par mobllite eiectrophoretlque. 



so 



55 



16 



EP 0 985 146 B1 




EP 0 985 146 B1 



FIG. 1B 




18 



EP 0985 146 B1 



r 



32 



I 



30- 



FIG. 2A 



48 



FIG.2E 



C 



x46 



47 



> 



—34 



FIG. 2B 



40 



FIG. 2C 



0^0^43 

FIG. 2D 




FIG. 2F 



19 



EP0985146 B1 



60 60 




CXX) 




FIG. 3A 



68 



FIG. 3B 




FIG. 3C 




FIG. 3D 



20 



EP0985146B1 




EP 0 985 146 B1 




FIG. 4B 



22 



EP 0 985 146 B1 




FIG. 5A FIG. 5B 




FJG. 5C 



EP 0 985 146 B1 




24 



EP 0 985 146 B1 




25 



EP 0 985 146 B1 




26 



